SUMMARY The subcellular biochemical features of a naturally occurring enteropathy in the dog associated with bacterial overgrowth have been examined. Affected animals comprised a group of 10 German Shepherd dogs with raised serum folate and reduced vitamin B12 concentrations, mild steatorrhoea, reduced xylose absorption, and normal exocrine pancreatic function. Culture of duodenal juice showed bacterial overgrowth with mixed flora, most frequently including enterococci and Escherichia coli. Examination of peroral jejunal biopsies revealed predominantly minimal histological but distinct biochemical abnormalities in the mucosa. The specific activity of alkaline phosphatase was decreased, isopycnic density gradient centrifugation showing a marked loss particularly of the brush border component of enzyme activity. In contrast, y-glutamyl transferase activity was enhanced in brush border fragments of slightly increased modal density, but there were no changes in the activities of the carbohydrases, zinc-resistant a-glucosidase, maltase, sucrase, and lactase or of the peptidase, leucyl-2-naphthylamidase. Activities of lysosomal enzymes were increased and there was evidence for enhanced lysosomal fragility and mitochondrial disruption. The activities and density gradient distributions of marker enzymes for basal-lateral membranes, endoplasmic reticulum and peroxisomes were essentially unaltered. These findings show that bacterial colonisation of the proximal small intestine may be associated with specific alterations in microvillus membrane proteins and provide biochemical evidence for intracellular damage to the enterocytes.
10 German Shepherd dogs, one aged nine years and the remainder aged between five months and two years. All animals had been referred for an investigation of chronic diarrhoea, with or without loss of weight, and had exhibited clinical signs for at least three months, two cases since they were one year old and the other dogs since they were approximately two months old. Details of the routine screening procedures have been presented previously with relevant control data,2 ' Erythrocyte folate concentration was raised in one animal but the increase in the group mean concentration was not statistically significant (p=006). Functional evidence for malabsorption by the affected group was provided by showing mild steatorrhoea and a reduced mean plasma xylose concentration after oral xylose. All animals had normal exocrine pancreatic function, assessed by the oral administration of N-benzoyl-L-tyrosyl-paminobenzoic acid2' or by the assay of serum trypsin-like immunoreactivity. 23 Faecal examination revealed ova of Toxocara sp in one case, and Giardia sp were seen in the faeces and duodenal juice of two other dogs. Routine haematology showed neutrophilia (>11.5x109/l) in one dog, lymphopenia (<1 Ox 109/l) in a second dog and eosinophilia (>1-25 x 109/l) in three other animals, none of which had evidence of parasite infestation. Routine clinical biochemistry revealed no abnormalities. Barium contrast radiographic studies were performed on eight dogs and revealed no gross anatomical abnormalities of the stomach or small intestine.
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Compared with the control group there are distinct differences in the activities of specific brush border enzymes in jejunal biopsies from the animals with small intestinal disease (Table 3) . Alkaline phosphatase activity is markedly reduced and y-glutamyl transferase activity is increased. In contrast, there are no changes in the activities of zinc resistant a-glucosidase, maltase, sucrase, lactase, or leucyl-2-naphthylamidase. The specific activities of marker enzymes for the other principal subcellular organelles are shown in intestine, and the present study has examined the subcellular biochemical changes in the jejunal mucosa of affected animals. Light microscopy revealed morphological abnormalities comparable to those described in the blind loop syndrome in man"' and in experimental animals9 l 31 where villous atrophy can be a consequence of bacterial overgrowth but most frequently histological changes are minimal. Ultrastructural changes,9-11 impaired monosaccharide transport,9 and biochemical abnormalities,8 12 14 32 however, have been well documented and provide definite evidence for mucosal damage in the blind loop syndrome. Similarly, in this study there were striking biochemical changes in the mucosa particularly in the brush border where there were distinct but selective alterations in the activities of specific marker enzymes. In the affected group the activities of the carbohydrases, zinc resistant a-glucosidase, maltase, sucrase and lactase and of the peptidase, leucyl-2-naphthylamidase, were unchanged. The specific activity of alkaline phosphatase was decreased, however, subcellular fractionation showing a marked loss particularly of the brush border component of enzyme activity, while yglutamyl transferase activity was increased. These findings contrast markedly with the brush border changes described in the experimental blind loop syndrome where damage appears to be less specific and disaccharidase activities in particular are generally reduced 5 8 12-14 32 although alkaline phosphatase activity can be relatively spared.32 These apparent differences may be related not only to the numbers but also to the types of bacteria isolated. In the blind loop syndrome there are considerably increased numbers particularly of obligate anaerobes, notably Bacteroides and Clostridium spp, whereas in the present study viable counts were generally lower than in the blind loop syndrome and aerobic rather than anaerobic organisms frequently predominated. Indeed anaerobes have been specifically implicated in the disaccharidase deficiences of the experimental blind loop syndrome and are thought to increase brush border degradation of these enzymes32 either by their release from l 5or destruction in the membrane.16 In a recent study,33 however, it was suggested by Schjonsby et al that extrapolation from the experimental to the human blind loop syndrome was largely speculative and had not previously been pursued by the assay of mucosal enzymes. Indeed their findings in patients with the blind loop syndrome were in closer agreement with the present study, for although alkaline phosphatase activity was not reduced, activities of carbohydrases and of leucyl-2-naphthylamidase also appeared unaffected and y-glutamyl transferase activity was increased. 33 The effects of bacteria on alkaline phosphatase apparently consistent with a relative resistance to bacterial degradation. 1i 6 32 Although only a relatively small proportion was released, however, a 75% loss of alkaline phosphatase activity was observed when brush borders were incubated with an extract from Clostridium perfringens.l5 This suggests that destruction in situ rather than release might be more relevant to the degradation of alkaline phosphatase by specific bacteria, and this property could be pertinent to the specific loss of brush border activity in the present study. Possible mechanisms include direct damage by bacteria or their secreted products, and the metabolism of intraluminal contents to potentially toxic products, for example deconjugated bile salts and hydroxy fatty acids.5 These may have a direct effect on the enzyme, or could act by perturbation of associated membrane lipids resulting in an alteration of the hydrophobic domain. In these affected dogs other factors, however, including a decrease in the rate of enzyme synthesis, and perhaps zinc deficiency,38 could be responsible for the low activity of alkaline phosphatase in the microvillus membrane. The effects of bacteria on brush border peptidases have received relatively little attention; however, in the experimental blind loop syndrome they may be affected by non-specific damage to the brush border.'3 3Y In the present study, not only the disaccharidases but also the activity of the peptidase leucyl-2-naphthylamidase appeared to be unaffected in the dogs with intestinal disease. In marked contrast, there was an increase in the activity of brush border y-glutamyl transferase: the reason for this is not clear, but a specific inductive change does seem more likely than a decreased rate of degradation. Intraluminal disturbances5 might act as a stimulus, and this response could be beneficial in a potentially hostile environment, a possibility discussed in relation to the increased activities of this enzyme in certain neoplastic tissues.4" High levels of y-glutamyl transferase have also been found in association with secreted immunoglobulins, but the suggestion that this enzyme represents secretory component4' has been refuted.42 Consequently, although a role in translocation remains a possibility,43 at present the functional significance of this enzyme in the small intestine remains uncertain. Interestingly, raised y-glutamyl transferase activities have been documented in biopsies from human patients with the blind loop syndrome, and it has been suggested that this finding might reflect enhanced proliferative activity.33
The basal-lateral membranes appeared to be relatively unaffected in the present study, supporting the suggestion that intraluminal events may be of particular importance in the derivation of the specific changes at the exposed surface of the enterocyte plasma membrane. There was evidence for intracellular damage, however, particularly affecting the lysosomes and mitochondria. Activities of specific lysosomal enzymes were enhanced and for N-acetyl-, 3- This study emphasises that the absence of distinct histological abnormalities does not exclude the possibility of damage to the small intestinal mucosa, an observation stressed previously particularly in the blind loop syndrome.9-11 The changes contrasted markedly with those described recently in older dogs with an enteropathy resembling chronic tropical sprue in man 6 in which villous atrophy was accompanied by generalised biochemical damage to the microvillus membrane. As the German Shepherd breed seems to be particularly susceptible to both diseases it is conceivable that long standing overgrowth might result in these more serious and perhaps irreversible mucosal changes, a possibility discussed in man. 19 The possible derivation of the overgrowth has been discussed in detail previously;25 although disordered motility and achlorhydria cannot be excluded, preliminary studies do suggest that there may be an underlying immunological disorder. "' 
